High school and collegiate team physicians are using ultrasound (US) for evaluation of acute injuries both during events and in training rooms. Interest is spurred by the relatively low cost, lack of radiation exposure, and accurate musculoskeletal diagnosis. In addition, US has better spatial resolution than magnetic resonance imaging (MRI).^[@bibr34-1941738114552801]^ Sports-related injuries of the hip are a common complaint, and the goal of this review article is to present how musculoskeletal ultrasound (MSUS) is currently being used to help evaluate and treat sports-related hip injuries.

Epidemiology {#section7-1941738114552801}
============

Approximately 5% to 6% of sports injuries in adults originate in the hip and pelvis,^[@bibr7-1941738114552801],[@bibr11-1941738114552801]^ and 10% to 24% of sports- and recreation-related injuries in children are hip related.^[@bibr6-1941738114552801]^ Susceptibility to injury is largely based on a patient's age and the type of activity they are performing, but sex is also important. Age is the single most important factor in determining the etiology of hip pain.^[@bibr27-1941738114552801]^ In children aged 2 to 12 years, hip injuries compose 17% to 25% of all acute but only 2.2% to 4.8% of chronic activity-related injuries.^[@bibr54-1941738114552801]^ Acute injuries are often muscle/tendon strains, ligament sprains, or contusions (62%), whereas most chronic injuries affect articular, epiphyseal, and/or apophyseal cartilage (53%).^[@bibr54-1941738114552801]^ This study did not include transient synovitis, Perthes disease, or slipped capital femoral epiphyses as activity-related injuries. In high school athletes, 5% to 9% will report a hip- or pelvis-related injury.^[@bibr11-1941738114552801],[@bibr31-1941738114552801]^ Sports are a risk factor for developing osteoarthritis (OA) of the hip. In men, the risk of developing OA was increased by 4.5%; in those with both long-term exposure to sports and a physically demanding job, the risk was increased by 8.5%.^[@bibr53-1941738114552801]^ Explosive and contact sports place the hip at risk of being injured.^[@bibr27-1941738114552801]^ Dancers, runners, and soccer players are often at the greatest risk.^[@bibr6-1941738114552801]^ Ballet dancers appear to have the highest rate of hip difficulties, with the region responsible for 7% to 14.2% of all injuries suffered in this sport.^[@bibr27-1941738114552801],[@bibr44-1941738114552801]^

Results and Discussion {#section8-1941738114552801}
======================

The normal anatomy of the hip is depicted in [Figures 1](#fig1-1941738114552801){ref-type="fig"}, [2](#fig2-1941738114552801){ref-type="fig"}, and [3](#fig3-1941738114552801){ref-type="fig"}.

![Sagital oblique image of normal anterior hip joint. A, acetabulum; F, femoral head; IP, iliopsoas muscle; RF, rectus femoris; open arrow, iliofemoral ligament.](10.1177_1941738114552801-fig1){#fig1-1941738114552801}

![Transverse oblique image of normal anterior hip joint. I, iliopsoas tendon; P, psoas muscle; A, rim of the acetabulum; F, femoral head.](10.1177_1941738114552801-fig2){#fig2-1941738114552801}

![Sagittal view over the greater trochanter, anterior facet. GT, greater trochanter; arrow, insertion of gluteus minimus tendon.](10.1177_1941738114552801-fig3){#fig3-1941738114552801}

Extra-Articular Conditions {#section9-1941738114552801}
--------------------------

Superficial muscles and tendons surrounding the hip can be evaluated with sonography. Full and partial tears of muscles, tendons, and ligaments can be identified. Dynamic US examination can be used to help differentiate confusing diagnoses by enhancing subtle injury-specific characteristics. In these injury types, diagnosis is based on the echogenicity of the tissue. A change in the normal tissue characteristics ([Figure 4](#fig4-1941738114552801){ref-type="fig"}) is noted as anechoic, hypoechoic, or hyperechoic and a disruption of the normal well-organized fiber pattern. Hyperemia can be noted on power Doppler examination.^[@bibr14-1941738114552801]^ Typically, tendinosis is indicated by a hypoechoic and/or hyperechoic image ([Figures 5](#fig5-1941738114552801){ref-type="fig"} and [6](#fig6-1941738114552801){ref-type="fig"}). Partial and complete tears are indicated when an extremely hypoechoic or anechoic image separates the tissue fibers. On static examination, a tissue may appear partially torn, but with dynamic examination and tissue contraction, the abnormal image may completely separate the tissue fibers, indicating a complete tear. This same concept applies to differentiating tendinosis from tears. When partial tears are examined dynamically, the hypoechoic or anechoic region of concern will increase the separation between normal tissue, which is not seen in tendinosis. Dynamic examination can also be used to examine ligament integrity when stressed.

![(a) Normal iliopsoas tendon. Transverse sonographic image at the level of the acetabular rim best demonstrates the musculotendinous junction. The iliopsoas tendon (solid arrow) has a normal echogenic appearance. The acetabular rim (A) is seen as an hyperechoic line. The open arrow represents the iliopsoas muscle. (b) Sagittal sonographic image of the iliopsoas tendon (arrow) at its insertion on the lesser trochanter of the femur (F). Note the uniform echogenicity of the tendon.](10.1177_1941738114552801-fig4){#fig4-1941738114552801}

![Adductor tendinosis. Longitudinal image obtained at the level of the medial pubic bone, and adductor origin demonstrates an abnormally thickened and hypoechoic proximal tendon (open arrows) with loss of normal fibrillar architecture as seen more distally (solid arrow). PR, pubic ramus; open arrows, tendinosis; solid arrow, normal tendon.](10.1177_1941738114552801-fig5){#fig5-1941738114552801}

![Gluteus medius calcific tendinosis. Transverse sonographic image shows the thickened tendon (outlined) with loss of the normal echogenic fibrillar appearance. A calcific deposit within the tendon is also seen (arrow), consistent with calcific tendinosis. GT, posterior superior facet of greater trochanter.](10.1177_1941738114552801-fig6){#fig6-1941738114552801}

Ultrasound can identify the characteristics of the enthesitis, which include hypoechoic thickening, osseous erosions, bony spurs, and hyperemia.^[@bibr5-1941738114552801]^ Although not sports-related, use of US in detecting enthesitis and synovial hyperemia is valuable in diagnosing and monitoring response to treatment in patients with rheumatoid arthritis.^[@bibr5-1941738114552801]^ Similarly, gluteal tendon enthesitis is seen in 44% of patients with seronegative spondyloarthropathies.^[@bibr10-1941738114552801]^ Therefore, it is important to keep these conditions in the differential when evaluating athletes with hip pain.

Ultrasound may be useful in diagnosing extra-articular soft tissue fluid collections such as hip bursal fluid collections ([Figures 7](#fig7-1941738114552801){ref-type="fig"}, [8](#fig8-1941738114552801){ref-type="fig"}, and [9](#fig9-1941738114552801){ref-type="fig"}), hematomas ([Figure 10](#fig10-1941738114552801){ref-type="fig"}), and seromas.^[@bibr4-1941738114552801]^ Iliopsoas, trochanteric, and ischial bursitis can be identified.^[@bibr4-1941738114552801]^ A distended iliopsoas bursa may clinically mimic an inguinal hernia; US is useful for distinguishing them. Dynamic US can detect true hernias as the movement of abdominal contents into the inguinal canal or other transition sites can be seen with dynamic Valsalva.^[@bibr19-1941738114552801],[@bibr46-1941738114552801]^ Ischiogluteal bursitis pain can present clinically similar to a radiculopathy but can be diagnosed with dynamic ultrasound by identifying the bursa and reproducing the patient's symptoms by compressing it with the transducer.^[@bibr9-1941738114552801]^ In addition, US may be more accurate than MRI in determining whether a filled iliopsoas bursa is drainable or full with solid debris.^[@bibr33-1941738114552801]^ US is useful in the initial evaluation and follow-up of intramuscular hematomas.^[@bibr17-1941738114552801]^ However, since the ultrasound findings may be nonspecific, it is critical that suspected hematomas be followed to complete resolution to exclude soft tissue tumors.^[@bibr17-1941738114552801]^ In addition, ultrasound can detect the early stages of myositis ossificans before computed tomography, MRI, or radiography.^[@bibr36-1941738114552801]^

![Gluteus minimus bursitis. A distended gluteus minimus bursa is seen deep to the tendon on this transverse view of the greater trochanter. Enthesopathy is also suspected because of the cortical irregularities noted on the trochanter.](10.1177_1941738114552801-fig7){#fig7-1941738114552801}

![Ischial bursitis. Longitudinal view of the semimembranosis tendon at the insertion on the ischial tuberosity demonstrates distension of the iliopsoas bursa (closed arrow). There is also noted tendinosis of the tendon (open arrow) and a calcific deposit within the tendon just deep to the bursa (asterisk).](10.1177_1941738114552801-fig8){#fig8-1941738114552801}

![Iliopsoas bursitis. Transverse image at the level of femoracetabular joint demonstrates a distended iliopsoas bursa (arrows) with complex internal debris. AC, acetabulum; FH, femoral head.](10.1177_1941738114552801-fig9){#fig9-1941738114552801}

![Iliac crest hematoma. Ice hockey player hit on iliac crest with hockey stick with resultant blood collection (outlined) between the external oblique and the iliac crest.](10.1177_1941738114552801-fig10){#fig10-1941738114552801}

Sonography can be used to demonstrate physeal and epiphyseal injuries, including apophyseal avulsions ([Figure 11](#fig11-1941738114552801){ref-type="fig"}). US can detect acute avulsions of the anterior superior and inferior iliac spines and thus could be used instead of MRI.^[@bibr41-1941738114552801]^ Radiography should still be the initial modality because of its ability to identify other bony abnormalities.^[@bibr41-1941738114552801]^ Sonographic findings included widening of the physis or frank displacement of the apophysis compared with the asymptomatic contralateral side.^[@bibr41-1941738114552801]^ Hypoechoic or mixed echogenic edema or hemorrhage may be noted in the widened space, and power Doppler may demonstrate hyperemia.^[@bibr41-1941738114552801]^

![Longitudinal ultrasound in an adult demonstrating an old ischial apophyseal avulsion that occurred during adolescent years. OSS, ossific density consistent with avulsed fragment; ISCH, ischial tuberosity; open arrows point to fibrous union from avulsed fragment to ischial tuberosity.](10.1177_1941738114552801-fig11){#fig11-1941738114552801}

Ultrasound can contribute to the diagnosis of arthritis ([Figure 12](#fig12-1941738114552801){ref-type="fig"}), occult fractures, and stress injuries. However, only the most superficial portion of the cortex of bone is visualized. Therefore, if a cortical irregularity is noted, further imaging is indicated.^[@bibr17-1941738114552801]^ US is very useful in detecting early signs of articular involvement in rheumatoid arthritis such as synovitis and bone erosions. In some cases, US can detect erosions of the femoral neck before they are apparent on radiography.^[@bibr5-1941738114552801]^

![Degenerative arthrosis. Sagittal oblique sonographic image shows cortical irregularity (large arrow) and spurring of the femoral neck (N) and loss of sphericity of the femoral head (FH). The labrum is outlined in blue. A, acetabulum.](10.1177_1941738114552801-fig12){#fig12-1941738114552801}

Magnetic resonance imaging is the most widely used modality for identifying athletic pubalgia^[@bibr16-1941738114552801]^; however, sonography is the procedure of choice for those who believe that a weakness of the transversalis fascia is the etiology.^[@bibr38-1941738114552801],[@bibr47-1941738114552801]^ The diagnosis of osteitis pubis can be enhanced with US examination; it may show signs earlier than radiographs, such as distention of the symphysis by effusion, thickening of the joint capsule, and irregularity of the pubis.^[@bibr16-1941738114552801]^

Chronic muscle abnormalities can also be identified using US. An example is adductor insertion avulsion syndrome. Also known as "thigh splints," this stress-related avulsive injury of the adductor muscles occurs at the posteromedial midfemoral diaphysis.^[@bibr1-1941738114552801],[@bibr2-1941738114552801]^ Sonographic findings include cortical irregularity surrounded by a hypoechoic area along the posteromedial midfemoral diaphysis. Hyperemia of the affected area is present on power Doppler. On comparison with MRI, the cortical irregularity represented a cortical fracture, and the adjacent hypoechoic soft tissues showed periostitis.^[@bibr55-1941738114552801]^

Tensor fascia lata tendinopathy is another chronic condition that can be identified with US and should be included in the differential for anterior groin pain. The tension on the iliotibial tract helps maintain the knee in the extended position and to slow forward body movement in downhill running. US findings of tensor fascia lata tendinopathy include disruption of the normal fibrillar pattern and an increase in diameter.^[@bibr3-1941738114552801]^

Musculoskeletal US has enhanced diagnosis of rare conditions and alternate diagnoses for several conditions. For example, isolated gracilis muscle injuries have been identified with increased frequency through use of MSUS.^[@bibr39-1941738114552801]^ Gluteal tendon tears ([Figure 13](#fig13-1941738114552801){ref-type="fig"}), often misdiagnosed as trochanteric bursitis, are actually a frequent cause of recalcitrant lateral hip pain or greater trochanteric pain syndrome. In addition, US is superior to MRI in detecting gluteal tendon tears.^[@bibr56-1941738114552801]^

![Partial tear of the gluteus minimus. Transverse sonographic image of the greater trochanter (GT) shows an anechoic area consistent with a partial tear of the gluteus minimus (arrow) at the insertion onto the anterior facet.](10.1177_1941738114552801-fig13){#fig13-1941738114552801}

Ultrasound led to biomechanical explanations for common conditions such as snapping hip. Sonography enables both static and dynamic examination,^[@bibr8-1941738114552801],[@bibr20-1941738114552801],[@bibr40-1941738114552801]^ which offers a distinct advantage over MRI in localizing the etiology, intra-articular or extra-articular.^[@bibr14-1941738114552801]^ The iliopsoas tendon can cause several painful conditions such as iliopsoas bursitis, distal iliopsoas strain, and partial or complete tears and is often involved in snapping hip.^[@bibr8-1941738114552801],[@bibr58-1941738114552801]^ The snapping can be caused by impingement of the iliopsoas tendon on the iliopubic eminence.^[@bibr8-1941738114552801],[@bibr58-1941738114552801]^ Two recent studies illustrate the benefit of dynamic examination and provide alternative mechanisms for snapping hip.^[@bibr12-1941738114552801],[@bibr58-1941738114552801]^ In 1 study, the dynamic evaluation showed that the snapping was caused by the tendon, on the deep aspect of the muscle, rolling with movement and becoming embedded within the substance of the muscle belly, producing a snap both as the rolling occurred and on the return to the normal position.^[@bibr58-1941738114552801]^ In the second study, the snapping was actually due to a rotational mechanism between the psoas tendon and the medial part of the iliacus muscle. The psoas tendon snaps against the superior pubic ramus as the hip returns to a neutral position from flexion-abduction--external rotation.^[@bibr12-1941738114552801]^

Intra-Articular Conditions {#section10-1941738114552801}
--------------------------

Sonography is the modality of choice for detecting intra-articular fluid collections in the hip joint ([Figure 14](#fig14-1941738114552801){ref-type="fig"}),^[@bibr35-1941738114552801]^ the most common sign of pathology in both native and prosthetic hips.^[@bibr16-1941738114552801]^ In children, capsular distension is defined as 2 mm of separation of the anterior and posterior capsule layers or total capsular distance distension greater than 5 mm, measured from the femoral neck to the outer margin of the capsule, including both anterior and posterior capsule layers.^[@bibr45-1941738114552801]^ In adults, current guidelines suggest using 7 mm of total capsular distension.^[@bibr25-1941738114552801]^ Many studies have shown that asymmetry of at least 1 mm between a patient's hips is the most important finding indicating an effusion.^[@bibr18-1941738114552801],[@bibr25-1941738114552801],[@bibr43-1941738114552801],[@bibr48-1941738114552801]^

![Hip joint effusions. (a) Longitudinal sonographic image of the left hip joint shows a simple effusion measuring 14.2 mm. (b) Another patient with a hip effusion. A, acetabulum; F, femur.](10.1177_1941738114552801-fig14){#fig14-1941738114552801}

Sonographic evaluation of a joint effusion can be complicated by hypoechoic synovial thickening, mimicking an effusion, or by a hyperechoic effusion caused by debris, mimicking synovial thickening.^[@bibr16-1941738114552801],[@bibr57-1941738114552801]^ If hyperemia is noted with Doppler examination, it is due to synovial hyperemia, and active synovitis is confirmed. Unfortunately, because of the synovium's deep position within the joint, a lack of hyperemia does not always rule out active synovitis.^[@bibr35-1941738114552801],[@bibr57-1941738114552801]^

Labral tears of the hip occur with femoroacetabular impingement, hip dysplasia, trauma, capsular laxity, and joint degeneration ([Figure 15](#fig15-1941738114552801){ref-type="fig"}).^[@bibr23-1941738114552801]^ Paralabral cysts identified with ultrasonography strongly implied a labral tear.^[@bibr28-1941738114552801]^ Ultrasonography has a high positive predictive value for labral tears, ranging from 88% to 94%.^[@bibr30-1941738114552801],[@bibr51-1941738114552801],[@bibr52-1941738114552801]^ However, the very low sensitivities for detecting labral tears suggest that US cannot currently be used to rule out labral pathology. The low sensitivity is partially because of the fact that only the anterior superior labrum is satisfactorily visualized with ultrasound.^[@bibr32-1941738114552801],[@bibr37-1941738114552801]^ The anterior superior labrum is the portion of the labrum that is most commonly injured.^[@bibr4-1941738114552801],[@bibr15-1941738114552801],[@bibr17-1941738114552801],[@bibr26-1941738114552801],[@bibr29-1941738114552801]^ Compared with arthroscopy, the sensitivity and specificity were 82%, and 60%, respectively, for US and 91% and 80%, respectively, for MR arthrography, which indicates that sonography is useful in anterosuperior labral tears but has less diagnostic ability than MR arthrography. There is a high rate of agreement (89%) between MR and US for determining the type of tear.^[@bibr21-1941738114552801]^

![Labral tear demonstrated on sagittal oblique ultrasound view. The tear was later confirmed on magnetic resonance arthrography. F, femoral head; A, acetabulum; arrows, labral tear.](10.1177_1941738114552801-fig15){#fig15-1941738114552801}

Ultrasography's real-time and interventional capabilities can confirm labral tears. During an intra-articular injection, the injected fluid and echogenic microbubbles it contains outline the labrum and provide a "sonoarthrographic effect" with a fluid interface along the labral boundaries. If a labral tear is present, the fluid fills the defect, which helps make tears more visible. However, a limitation is that the injected fluid does not always extend superiorly to fill a labral tear, and thus, this technique cannot be used to rule out a tear.^[@bibr49-1941738114552801]^

Theoretically, US offers potential for evaluation of calcified and noncalcified intra-articular bodies. However, a recent consensus paper from the European League Against Rheumatism (EULAR) found that US was poor at detecting loose bodies.^[@bibr24-1941738114552801]^

Intervention/Treatment {#section11-1941738114552801}
----------------------

Previous studies have shown that accuracy is typically poor for blind injections of superficial joints.^[@bibr22-1941738114552801]^ Sonographic-guided intra-articular hip injections are superior to computed tomography or fluoroscopic-guided because they show the femoral neurovascular structures well, do not involve radiation, are relatively inexpensive, and facilitate short procedure time.^[@bibr42-1941738114552801]^ US-guided hip injections can be performed on patients with radiation risk, such as adolescents and pregnant women ([Figure 16](#fig16-1941738114552801){ref-type="fig"}).^[@bibr50-1941738114552801]^

![Ultrasound-guided hip injection. A sagittal oblique view of the femoral acetabular joint was used to guide a 2.5-inch spinal needle (large open arrows) through the iliofemoral ligament and into the joint capsule. A, acetabulum; F, femoral head; open arrows, needle track; X, injection target at femoral head-neck junction.](10.1177_1941738114552801-fig16){#fig16-1941738114552801}

Sonography can be used in the evaluation and treatment of suspected inflammation of the iliopsoas (see [Figure 9](#fig9-1941738114552801){ref-type="fig"}), trochanteric, and subgluteal bursae. The advantage US provides is the ability to compress and change the shape of the bursa, asses the lining for synovial thickening and hyperemia, correlate location with patient symptoms, and assist with aspiration or injection. In addition, it can easily be used to aspirate soft tissue abscesses and for soft tissue biopsy, including synovial proliferative disorders.^[@bibr14-1941738114552801]^ Recently, it has been used to guide shockwave therapy for conditions such as proximal hamstring tendinopathy.^[@bibr4-1941738114552801]^

Strengths {#section12-1941738114552801}
---------

The strengths of MSUS include accessibility, portability, point-of-care evaluation, noninvasiveness, lack of radiation, no requirement of intravenous dye, dynamic direct correlation with symptoms, comparison with an unaffected side, power Doppler, enhanced spatial resolution, and low cost. The dynamic scanning capabilities of US are considered by some to be the single greatest advantage over other imaging modalities.^[@bibr17-1941738114552801]^

Limitations {#section13-1941738114552801}
-----------

The greatest inherent limitation of US is the inability to completely access deeper anatomic areas, which is greatly affected by body habitus. The hip has MSUS limitations that can greatly limit its utility. Reduced resolution at greater depths is an inherent characteristic of ultrasound technology---there is greater dispersion of the ultrasound waves with increasing thickness of soft tissues. This results in less waves being reflected back to the transducer and ultimately a signal of lower resolution. In addition, US waves are unable to penetrate bone, which prevents its use in evaluating most intra-articular structures.^[@bibr13-1941738114552801]^

Conclusion {#section14-1941738114552801}
==========

Sports medicine clinicians continue to expand and enhance the use of US in the evaluation of acute injuries and chronic musculoskeletal pain. This growth and increased interest is largely driven by the potential of US to be the leading point-of-care tool for clinicians in the diagnosis and treatment of many acute and chronic musculoskeletal conditions.
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